
'i : DOCUMEI'iCONTRO DATA -#Ri D
I NTOA AA EIA E~E .NAVAL NNEOICAI. RESEARCH INISTITU1TE UCASFE

STUDIES ONI THE EFFECT OF SHOCK ON RED CELL. SURFACE CHARGE IN ,11WATS

ivi i -ý N 1 E- L ý T~;~.p I of wpo ..,o!ul si~di'.

D-. L. HORWITZ

j ~..cc'-~o~~.~iX -087 REPORTU~1Z'C1. ~U..NO. 3I

MRO4i.20.01-08,RPR O
b~. O~TER "Crof"T nots) (Any Other' r-umbfg. :

THS-UZETHS ENAPOE FO PUBLI REES t' AI;IS!ITIUIN"I

I tZ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __TIVI

--THI _EDOP.Cd'.EN HAS BEN APRCUA-OVENO ULCRLAEAI AE T ITiUINI

AALBORG 1970, pP-. 170G173 (KAWRGER, T
BASEL 1971) SINTN

at- o-~ cels --- abo

Re-Ccz ce~. elecurophoretic, mobilities have beep. determnne oncasfo aon
sL~jeced o hmorha~e-hock and 2 baboons En . co"i shacl. S waies 'T el

-suspendedt both in salie di thei onpasma ~showed elect-rophoeretic mobility
in- *nemorrhagic shock -to--b-e unchanged from control values. Powier funcetion ana-1ysis
_showed the, maxiý,!n undetectable cha-n-e for cells measured in salin would be 6.7

aidi pam 2-2. Use of -eithe- heparin or EDTA as anrii~oagul ant, ortbusence o
SantiLcoagulant, did-not affect the mcbil-ities ozZ eitlier. control or shock calls. L

i as- concluded th.at l.oss of red. -ell elctronegat-1%izy -isflno. -an imortant. factor in
producing red cell-aggregation in- hemorrhagic shock, but that- this zzay be ofL sig-til i

icanee in-the seftic shock,ý
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Inroieto adf.ahec% %rcp~cd r tefeoalate.

- ln c o d u te a nand %c atheter ps o fer plooac e e o led in tp: e m r l rt r

The phenomenon of erythrocyte -3rea glam test tubes, and in tubes containing sodium
zionor sedgig hs ben o e~I n a hejparin (143 USr units.1O ml blood) or disodiatm

EDTA (12 mgFlO nil bWood). The blood 'vasnumber of types of shock. including sep~tic premptly diluted 1:100 in sotonic ph-Aphate-
shock aild traumatic shc! azs risviewed buttered saline at pl-t 7.4 and clectrophoretic
by K~~tsuxt 11965]. Although K.istLLy mobility determirt-d %, ithin IS min of the time or
[1 9651 has stated that 'simple hemorrhage' bodcleto.Ailcrstrbldsale

does ot gve rse t intavasularre%-as centrifuged to separsic cell- from plasmadoesnot ive iseto itravscuar rd cel (r scrum) and the cells %%ere resuspenderd in th.-ir I
aggregation. recent microscopic obs-ervai. own i Lasma (scrurn). again in a 1:100 dilution.Z
lions by VAN CCKO el al. 119691 Yave The animals %%ere then bled to a mean arteri,',
revealed progressive crvthrocytz agrcca'- presure or 60 tam HS and maintained at that
tion in Rhesus monkes 5ubjectcd to pressure for I hi: Ringers lactate scilution %wsY-s gnen as needed to tmtittain the pressure at thathemorrhagic shock with arte-tal pressures level After I h, the pressure was liwered to 40) mmn
of 2-60W mm H1g. by further bleeding and maintained at this level
In vivo red cells are known to repel one for an additional hour. Blood samples wevre
another Isme KNISELY el 01., 1960] and obandabere
numerous investigatots, have asked why Taaiaswr losuidi ctcsn kinduced by i.v. injection of the I-ý Coi in a dose
this property is lost in shock. IBaLtS and of t011 organisms per kilogram. Tire E~. coti were
S\-ow*. (195101 have suggested that agglutiria- grownsi frorn a strain of kno~st serotype under
tion of erythrocvtes is due to lowered constant conditions, and this dose %as- found to

elecrica sufacechare o indvidul uiformly bring the attintals nean arterial
pressure b.-low 60 mmn Ug 'sithir I ht. Stamplesce~lls. thus enabling adsorption ofce~s onto %%ere collected before and I h after injection of

=5c~ otlher. It is the purpose of this repor: ~ vi
to look at the possibic loss. of eluctrostatic Ekocrophorcnic miobility was determined in a
ompulsion as a factor in producingt the red
cell aggregation obser-ved in shock. I From the Bureau of Iedicine and Sitnirery

02871t.
2 The experitments \%ere cvnductd accord~ng to

Methods the principlescenunriatd in'Giidde for- Laboratowv
Animal racilities and Care.

Ilicalhy mate baboons t~pi Iýotuerai were used 3 The risinions or zssenions Contained herein -in:
2fler a 30-day quarartine rperiod. On the day of tK, ~ir-.%ate ones of the author and zre not to be
3tudy. they were szdated >si:h phenevelidiric ct.strucd as official or reflcting the views ovf the
hydroc.lorde (Scrnylan) in a dosec or I mgpkg. Navy Dep.-rten~t or the Ka%-al Snicev at large
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commercially available Northrup-Kunitt cata- were determined. These are also Riven in
phorcsis appar.,,us (A. |I. Thomas Co.) similar Table I. Again, no significant..differe:ces
to that describcd by AFIRANISOe (i at. 1942). The

time for red cells to migrate 0.04 mm in an ec- are observed. although EDTA mehsure-
trical potential gradient or 2.86 Vicm was et ments bcrder on significance at tie P 0.05
mined for 10 cells from each sample. All measure- level. A 3-way anilysis of Variance 'gain
nints %%ere nmde in a room main-aincd at ind:cated that neither anticoagulait' nor
25-C_ I. Plasma and serum -iwcositles uere shock contributed to net vhriation.
measured in a cone-plate micros icometcr (llrok- st on
field Laboratories. Inc.) at shear rates of 10-100 Table II compares data ftiom the 2 aniffials
sec-1. on serum and on plasna collected in subjected to E. coli septicemia ,•vith the
heparin and EDTA at concentrations similar to hemorrhagic shock animals. We find that
those described abow. while red cells in buffered saline show the
Erythroctc surface charge ic related to electro-
pliorctie mobility by he equation Q 6.rl1'E%) same mob;lities in both types of shock.

- 10°7. %%here Q is the charge in C. 6- is a pro- th.ere is a sutstantial decrease in mobility
portionality factor from Stokes' Law. is the in the E. coli shock cells whcr measured
radius or the red cell. v is- the siscosity of plasma. in plasma. as compared to hemorrhagic
and tv F,) is the eecu'ophorctic mobility (tekvoity; shock. Although this difference is statisti-
potenlial gradient). 10•: is a factor to convert the
final itsult to C. The formula must he considered cal~y quite significant. with P<-O0.005. it
an approximation as the factor 6f is esact only for must be interpreted cautiously because zif
a sphere. the very small number of animals studied.

especially in viewv of substantial animal-to-
animal var;abilitv.

Results Measurements of plasma and serum
viscosity showed considerable animal-to-

Table I shows the elictrophoretic mobilities animal variatign. and the values can hence
of red cells obtained from 6 separate ani- not be determined with great precision.
mats be=fore mnd after 2 h of hemorrhagic The viscosities, which were essentially
shock 2s determined from red cells col- indenendent of shear rate. were 1.3- .08
Iected without anticoagulant and with vP (±S.E. of mean) for control serum.
either hccprin or EDTA. It can be seen and I.4 - 1.08 cP for serum from
that in no case does the shock cause a hemorrhagic shock animals. a statistically
statistically significant difference (at the
P 0.05 level). A 3,\wy analysis ofi•:variance, comparing t•1e effects of oJnti- in hemor'hagic shoc~kvarince comarig tc ofica i; ini, able !. Mobilit) of rrd cells in Qalinc and plaLsma

coag ulant. shock, and ,w im al variation. in _ _ __ _ _ __ _ _ __ __shock

shows that all of the observed variations An:i- State Mobilitv - S.E..
in red cell mobilitic. can be accounted for coagulnt anvscV;cm
by variation within replicates and by
variation betwe-_n animals. Neither shock In salinc In plasma
nor anticoagwant (or absence of anti-
coagulant) accounts foranyofthezibserved None Conr.l 113 -0043 1.27 -.Oj)94
oifferences. For this reason. data for Shock 1.35 - .063 1.33:=OX"
the non-anticoagulated. her-arinized. and 1c;parn Control 1.29 0.036 1.24 - 0.071
EDTA-treacd blood have beer. pooled Shock 1.24 -0.039 1.24 -0. O

into the 'overall' avcrages given in Table 1. EDTA Conrol 1.35 - 0.033 1.51 - .0M7
Shock 1.3S 0.040 1.24 -0.072

To detect any changes in erythrocyte
charg_ .,hich might be related to loosely Onrall Control 1.32 0.019 1.14 0.070
adsorbed plasma components, mobilities Shock 10o 135 0.049
of cells in their own serum or plasma
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Table IL Red 4.cli' nobility in hemorrhagic and effect was noCt observed, we must ask
sepicshokas cinmcd n alie nd lama whether our methodology was sensitive

eniough to detect this effect. Statistically.
Type or shoct. Mobility -S.C., this is done bymeans of a 'power function*.

~Ifl15..,1c~flwhich gi~es tile probability of rejecting *he

null hypothesis (that is. the hypothesis thiat
In saline I lasitit red cell mobility is unchanged in shock)

~hen the actual ch.ange iu red cell mobility
flemorrhagic 1-307:0-0105 ;.35 -0-049 is a given value. 'Such an analysis showss
Septic l.3O.O7_70(49 1.13-0.049 that a change ih; mobility of 0.088 uminzscc

V.-cm. or 6.7'., of control. wvill be detected
P with 95 '. certainty. From this. we may

conclud.- tha-t red cell mobility in liemo~-
P valutes baised on Student tc t rhagicek does not chainge by i-tore

__________________________________ - t:t.n 6.7 i.,. A similar analysi ior the
eryt hrocytes in plasma indae that a

non-significant difference. Similarly, tile ch~angec in mobilitv of 0.163 :±msec.. or
viscositv wvas not significantly different in El2?. would be detected with 95". confi
samples- collected with heparin. CEDTA. or !ience.
.vithut anticoagulanit. We may a.list) sk ulhether en~throcvtc

lasma -u a eemndbfore resus- mobility, thle quantity actually!derermined
petision of red cells. Although all shock is directly related to the cell net charge.
animals became acidotie as determined by the 'J, ired quarntity..W oetai
anaerobic blood pH- measureme-nt. the addition to mobility, the viscosity of the
plasma bzzame somcnehat alkatotic w~hen suspending medium enter~s into the cal-
exposed to room air. The p1- in room ait culation of surface charge. Visco0sity does
wvas found to be 7.V7--0.09 for control no- chance at all in the case of red cell%
samples. and 7.5-ý0.08 for shock anim als. in buffered saiine, which wvas of tile same

composition throughout the experiment.
Also. our studies indicaied no significant

Discuzssioni change in plasma vis-cosity during Bhock.
The well-known chanees in .%ho!e blood

Our measurement of red celli mobility in viscosity in shock do not affect our
saline. 1.32-'0.019 :Atmsec!%V/cm. is in studies, in which the red cell suspension is
good agremn ~~t h alues given by suffkiently dilute that on!y plasm vico

ARRANS0 C1 ciul. ( 19421 foi man (1.31 am ity need be considered. Thus, we ma-y
see) ant. Rhesus monkey (1.33 jurn-zso;j consider that elecrophoretic mo~bility is
Our calculated values for red cell charce a direct mcasu-eof czllchare adwmay
.ire (1.74 0.023) W1)3' C for red cells set maiximum limiis of 6.7 and 121.21%, for
in salinec. and (1.76±0.064). 'A i C for the chane o f eryihrocvte surface charge it,
red cells- in their own plasma. This latter hemorrhagic shoc3& as measured in saline
v-alue is in good acre-cment with that o, and plas-ma. respectively.
BLR\SUEIN and CASTAXI DX 119651 who WeV thcre~fore conclude that ervthroevte
found thiat human red cells int plasma have aggre-gation obserx-ed in liemlorrhagic shock
anet charge of 1.6 x 0-4~ C. is unlikely to be, due to changics in cell

In evaluating th ucm o n pri- surface charge. O-,r-i.I. 119651 reached a
rnent wshose results may be considered similar conclusi.on wsing a rather different
'negative' in the -,--nse that the sought for approaNch based on iso-lhn~em elutin in-
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duced aggregation. I owever. Hi-sst'.N eti:!. HitsEN. W.; SwvA**,, R. L.. LiO Liand SFAA.
[19661 have reported that heparinized dogs G. V. R.: Physicochemical %changes in circulat-

subjected ~ ~ ~ ~ ~ in tchmrhg so .t an Cfine blood on exsanguination or adni-
nistration of histami~ne. Surg. Gynec. Obstte.

decrease of red cell surface charge averag- 122: 1003-1014 (1966).
ina 25%~ for crythrocvtes suspended in Kstsi ix,. Hu.: Inravascular crythrocytec aggre-
plasma, but not for those in saline. This gation; in HA5IILtON Handbook of Ph,6siology.

difference from our results could possibly Cruain o.3 ~.24~22(mrPlt)siol. Soc.. Waishington 1965).
be attribi-ted either to species diffierence Ksi.M H. WVAR~tiR L.. and HARDING. F.:
or to zhe prior in -rho heparinization. Antensorene settling. Angiology. Baltimere
Finally, the possibilitv of decreased surfatce MI S35-5F'S (1960D).
charge promoting red cell aggregation in NIFR(.LNIAGEN. S.!.: % WrsA-.R:GLUZ

especally II..and Sumt, H.S.: Signi. .ncecfcomplmcmcnseptic shock remains. and is eseily to the mechanism of action ofe.ndotoxin. Curr.
i -ersting it viwofeetron microscopic Top. Microbiol. Inimunol. 30: 37-77 (1969).

observations by MElRGI:NnIAclN c.al. ONci.tx. J. L.: Bioph)sical convpv, of liroproicins
[1969' of physical defects in the red cell and membrane structure: in SAW-Yrit Bin-

surface after treatment with endotoxin. physical mechankims in %ascular honieostaisii
and irtravascular thrombosis. pp. 231-24ý
(Appicton-Ccotury-Crofts. New York 3965).

SummaryVA%tct~o. R.M.: SzYsNio.w P.B.. and S11OE!AtiaR.
W.C.: Microcircutatorv changes in prinialc

Red celi clectrophoretic niobilities havc been .e uigsok ug ye.Ose.19995-1(104 (1969).determined on cells from 6. baboons nubjccted to
hemorrhagic slok and 2babtooinsin.c sht c~ok.
5tt-dies of celis -suspet-ded both in %aline and in
their ossr, plas-ma sho%,scd electrophoretic- mobility
in hemorrhagic shock to be unchanged from
control %valuc-ý Pk,%%r function analy-sis s-hosed
the maximum undettctable change for cells
measured in saline %soutd be 6.7 '-, and in plasma
11-2.2 Use ef eithe-r hermrin or EDTA as anti-
coagulant. cr absence of anticoaigulant, did -not
atfect the mobilities of either control or shock
cells. It is concluded tha- toss of red cell electro-
neqati%.ty is nt -n imp~ortantfaoripoucn
red cell aggregation in hemnorrhagi sork. bu!
that this maiy be of significince in the- septic shock
s~ummaL
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